A novel fragment based strategy for membrane active antimicrobials against MRSA.
Membrane active antimicrobials are a promising new generation of antibiotics that hold the potential to avert antibiotic resistance. However, poor understanding of the action mechanism and the lack of general design principles have impeded their development. Here we extend the concept of fragment based drug design and propose a pharmacophore model based on first principles for the design of membrane active antimicrobials against Gram positive pathogens. Elaborating on a natural xanthone-based hydrophobic scaffold, two derivatives of the pharmacophore model are proposed, and these demonstrate excellent antimicrobial activity. Rigorous molecular dynamics simulations combined with biophysical experiments suggest a three-step mechanism of action (absorption-translocation-disruption) which allows us to identify key factors for the practical optimization of each fragment of the pharmacophore. Moreover, the model matches the structures of several membrane active antimicrobials which are currently in clinical trials. Our model provides a novel and rational approach for the design of bactericidal molecules that target the bacterial membrane.